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Abstract

Objective: To report substance and polysubstance use at the time of delivery.

Study Design: A cross-sectional study was performed on mothers consented for universal 

drug testing (99%) during hospital admission at six delivery hospitals in Cincinnati, Ohio. Mass 

spectrometry urinalysis detected positivity rates of 46 substances. Rates of positive drug tests for 

individual and common co-occurring substances measured were reported.

Results: 2 531 maternal samples were tested (88%) and 33% contained cotinine, 11.3% THC, 

7.2% opioids, 3.8% cocaine, and 1.9% methamphetamines. Polysubstance use prevalence was as 
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high as 15%. Among mothers testing positive for methadone or buprenorphine, 93% also tested 

positive for cotinine and 39% tested positive for a third substance in addition to cotinine.

Conclusions: Substance use at delivery is more prevalent than previously reported. Many 

mothers testing positive for opioids also test positive for other substances which may increase 

overdose risk and exacerbate neonatal opioid withdrawal syndrome (NOWS).

INTRODUCTION

Substance use during pregnancy is associated with a myriad of adverse maternal and infant 

outcomes. Use of tobacco or other drugs during pregnancy is linked to low birthweight, 

increased rates of stillbirth, preterm birth, infant mortality, and other complications 
1-6. Infants exposed prenatally to substances, particularly opioids, may have impaired 

neurodevelopment and frequently display long-term behavioral and cognitive deficits 1,7-10. 

Polysubstance use can exacerbate the negative effects of prenatal drug exposure on the 

neonate and is particularly problematic in combination with opioid use 11,12. As the opioid 

epidemic continues to worsen, neonatal opioid withdrawal syndrome (NOWS) remains a 

major public health burden and polysubstance exposed infants are often more difficult to 

treat 13-17.

Previous work at a single site in 2012-2013 established that universal maternal testing at 

delivery was superior to risk-based screening in detecting opioid exposure, where 20% of 

opioid-positive mothers identified through urine testing did not otherwise have screening 

risk factors 18. Late/third trimester exposure to opioids increases the risk of NOWS 

compared to early/first-second trimester exposure17, emphasizing the importance of late 

detection. Our previous studies have also found that universal testing was superior to self-

report for cotinine exposure with cotinine-positive urine tests occurring at more than two 

times greater prevalence than estimated by self-report of smoking during pregnancy 19,20.

Pregnant women frequently avoid disclosing substance use, and maternal overdose is a 

leading cause of maternal mortality during the first year after delivery 21-24. Women may 

delay prenatal care out of fear of judgement and punitive actions, often making the delivery 

hospitalization the first opportunity to engage mothers in evidence-based treatment for a 

substance use disorder 21,22,25.

Our goal of this study was to use a cross-sectional study of mothers who consented to 

routine universal drug testing to assess the prevalence of maternal drug exposures, rates of 

polysubstance exposures, and combinations of exposures at the time of delivery in Hamilton 

County, Ohio, the urban county encompassing the city of Cincinnati.

SUBJECTS AND METHODS

Study design

We conducted a two-month cross-sectional study and descriptive analysis from August 

through September 2019 within Hamilton County, Ohio. In all six birth hospitals within 

Hamilton County, urine was collected at the time of delivery from consenting mothers. 

Mothers are consented to universal drug testing at delivery as part of the standard hospital 

Smith et al. Page 2

J Perinatol. Author manuscript; available in PMC 2022 August 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



admission process. This written consent for urine testing is described specifically on the 

labor and delivery consent form and mothers may opt out of the urine drug test portion 

of the consent. Universal drug testing has been adopted by Cincinnati area hospitals since 

2013, based on data demonstrating the efficacy of universal testing compared to risk-based 

screening for identifying infants at risk for NOWS in an endemic area18. After 6 years, this 

practice has been accepted as a part of standard care by the community. Mothers provide 

written consent specific to obstetrics prior to any testing. Hospitals in the study included 

private, safety net, community, and academic centers. Median Medicaid coverage within the 

six sites was 26.2, 32.8, 33.1, 34.5, 38.7, 39.4, and 73.5%. A more detailed description of 

these hospitals can be found in our previous study and is summarized in Supplemental Table 

1 20. All women who consented to an admission urine drug test during the study period were 

eligible, and there were no exclusion criteria. Mass spectrometry laboratory analysis was 

performed to measure late pregnancy exposures to 46 substances. The Cincinnati Children's 

Hospital IRB approved the study, including a waiver of consent with the condition that all 

urine samples were de-identified prior to testing or analysis.

Laboratory data

A sample was collected from each consenting woman, even in the case of multifetal 

deliveries. Laboratory technicians split the urine samples (1-2 mL) collected as part of 

the standard universal testing process. One sample was used as standard clinical care, and 

the second sample was de-identified using a numerical code. All study staff were blinded, 

permitting access only to the numerical code and birth hospital without identifiers. Samples 

were transported to Cincinnati Children’s Hospital Medical Center (CCHMC) for mass 

spectrometry analysis. The birth hospital was the only identifier included with the split 

samples, but the hospital information was anonymized in this study. We quantified positive 

exposure rates, exposure levels, and the type and frequency of polysubstance exposures in 

the population of each detected substance.

Maternal drug analysis by Liquid Chromatography Tandem Mass Spectrometry (LC-
MS/MS)

Forty-six drugs were quantified in maternal urine by LC-MS/MS in a CAP and CLIA 

certified laboratory. Supplemental Table 2 shows the lower limit of quantification (LLOQ) 

for 46 drugs analyzed by LC-MS/MS. Drugs levels greater than lower limit of quantification 

are reported as detected. The drugs and their conjugates were extracted from urine using 

a Hamilton Robotics MicroSTARlet paired with a Tecan SP IP8 automated SPE (solid 

phase extraction) processor. Urine samples were hydrolyzed with β-glucuronidase enzyme 

to obtain free (non-conjugated) drugs in the presence of the stable-labeled internal standards 

for each analyte, and solid phase extraction was then performed. The drugs were detected 

and quantified by LC-MS/MS with multiple reaction monitoring (MRM). All samples were 

analyzed with the LC20AD HPLC system (Shimadzu) coupled to the SCIEX QTRAP 4500 

mass spectrometer (Sciex, Concord, Canada). Data acquisition on the mass spectrometer 

was controlled by Analyst 1.6.2 software (Sciex, Concord, Canada). Data processing and 

quantification were performed with MultiQuant software version 3.0 (Sciex, Concord, 

Canada).
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Opioids

Any opioid was defined as a positive test for morphine, 6-monoacetylmorphine (6-MAM), 

codeine, fentanyl, norfentanyl, hydrocodone, hydromorphone, oxycodone, oxymorphone, 

meperidine, normeperidine, sufentanil, tramadol, methadone, EDDP, buprenorphine, 

norbuprenorphine, naloxone, or naltrexone. Short acting opioids were defined as a positive 

test for: morphine, 6-MAM, codeine, fentanyl, norfentanyl, hydrocodone, hydromorphone, 

oxycodone, oxymorphone, meperidine, normeperidine, tramadol, or sufentanil. Poppy seed 

consumption can cause detectable concentrations of morphine in the urine 26. While poppy 

seed consumption was not assessed in the women who provided urine samples, a more 

stringent morphine cutoff of 40 ng/mL was also assessed in case of detection from poppy 

seed consumption. 27

Statistics

We assessed associations between substances using Chi-square tests or Fisher’s exact test 

(for n < 5 28) and report associations as odds ratios with 95% confidence intervals (CI) 

calculated via the Baptista-Pike method. Odds ratios reflect unadjusted values, since samples 

were de-identified and unable to be linked to demographic data. P values were not adjusted 

for multiple comparisons because all comparisons were planned, reported, and relatively 

few in number 29,30. For exposure ranges and population estimates, skewed data (> 0.5 

or < −0.05) were log transformed to calculate mean and 95% CI, which are reported as 

geomean and converted back into the original units. If the data remained skewed after log 

transformation, median and CI of the median were reported. GraphPad Prism 9.0 (GraphPad 

Software, La Jolla CA USA) was used for data analysis.

RESULTS

Of the 2,876 mothers who delivered infants in six Hamilton County delivery hospitals and 

consented to universal drug testing during August and September 2019, a total of 2 531 

urine samples were tested. This represents a capture rate of 88% during our two-month study 

period (2 531/2 876 mothers)20. Across all centers in the study, 1% of women did not give 

consent for urine drug testing and 12% of urine samples were not tested due to medical 

circumstances (precipitous labor) or human error (shortage in testing supplies). The median 

age range for mothers across all 6 birth hospitals was 27-30 years. Medicaid insurance 

at hospitals ranged from 26.2 – 73.5%.With respect to race and ethnicity, 0.4 – 18.4% of 

mothers identified as Hispanic, 0.4 – 44.4% as Non-Hispanic Black, and 33.6 – 93.5% as 

Non-Hispanic White.

Of the 2 531 samples, 38% (n = 969) tested positive for at least one substance. Thirty-three 

percent were positive for nicotine. We found that approximately half (n = 396) of the 

nicotine-positive mothers also tested positive for another substance, with a 15.6% prevalence 

of testing positive for nicotine plus a second substance across the entire study. (Table 1). 

There was a significant positive association between nicotine exposure and the detection 

of another substance with 11.1 times greater odds of testing positive for another substance 

(47.1%; 398/844) compared to samples that did not test positive for cotinine, the biomarker 

for nicotine exposure (7.4%; 125/1687 (X2 = 543.0, 1; OR, 11.11; 95% CI 8.87 – 13.96; p < 
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0.0001) (Figure 1A). Exposure ranges are presented in Table 2 and prevalence of individual 

substances by maternity hospital is in Supplemental Table 3.

A total of 11.3% (n = 287) of the samples were positive for tetrahydrocannabinol 

(THC) metabolites (11-hydroxy- tetrahydrocannabinol (THCOH) and 11-nor-9-carboxy-Δ9-

tetrahydrocannabinol (THCCOOH)). To reduce the contribution of passive exposure, a 

threshold of 15 ng/mL THCCOOH was assessed, and 8.1% (n = 204) of mothers tested 

above this cutoff indicating active THC exposure.

Opioids were detected in 7.2% (n = 182) of the samples. Short acting opioids (including 

metabolites of heroin, fentanyl and prescription pain medications) were detected in 5% (n = 

126) of all samples, and long-acting opioids (buprenorphine and methadone) were detected 

in 2.8% (n = 71) of all samples. These long-acting opioids are traditionally prescribed 

as medications for opioid use disorder (MOUD), but our study was unable to determine 

intended use. After excluding 14 samples testing positive for morphine below 40 ng/mL with 

potential poppy seed consumption 26,27, 6.6% of samples remained positive for opioids. No 

samples tested positive for sufentanil or naltrexone and all naloxone positive samples were 

also positive for another opioid.

Of the stimulants, 3.8% (n = 95) of samples tested positive for cocaine, 1.9% (n = 48) 

for methamphetamines, and an additional 0.4% (n = 10) were positive for amphetamines. 

Finally, 1.3% (n = 33) of samples were positive for barbiturates, 0.6% (n = 16) for 

benzodiazepines, and 0% for PCP, MDMA, MDA, MDEA, carisoprodol, and meprobamate. 

Benzodiazepine-positive samples tested positive for an opioid at 22 times increased odds 

compared to a benzodiazepine-negative samples (62.5%; 10/16 vs. 6.8%; 172/2 515) 

(Fisher’s exact test; OR = 22.7; 95% CI 7.8 – 61.9; p < 0.0001) (Figure 1B).

The prevalence of additional substances with cotinine and THC exposure are reported 

in Table 3. Nicotine was detected in 88.5% of THC positive samples, with THC being 

found in 30.4% of nicotine samples. Among nicotine positive samples, 9.4% also tested 

positive for cocaine, 15.6% for an opioid, and 5.6% for methamphetamine. Among THC 

positive samples, 11.8% also tested positive for cocaine, 10.1% for an opioid, and 6.6% 

for methamphetamine. Among all samples, nicotine and THC were the most common 

co-exposure combination, detected in 10% of all samples (n = 254/2 531). Nicotine and 

opioids were detected in 5.1% of all samples (n = 130/2 531). Furthermore, high nicotine 

exposure (> 100 ng/mL) combined with opioids was detected in 4.3% of all samples (n = 

108/2531).

Table 4 reports the prevalence of the most common substances present in addition to short- 

and long-acting opioids. Among the long vs. short-acting opioid positive samples, nicotine 

was detected in 93% (66/71) vs. 61.9% (78/126) (Fisher’s exact test; OR = 8.12; 95% CI 

3.17 – 19.7; p < 0.0001) (Figure 1C), indicating that mothers positive for a long-acting 

opioid had an 8 times greater odds of testing positive for nicotine in comparison to mothers 

positive for a short-acting opioid. THC was detected in 16.7% of mothers positive for 

a short-acting opioid vs. 12.7% among those positive for a long-acting opioid (X2; p > 

0.05), cocaine in 19.8% vs. 12.7% (X2; p > 0.05), methamphetamine in 17.5% vs. 14.1% 
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(X2; p > 0.05), and benzodiazepines in 6.3% vs. 4.2% (Fisher’s exact test; p > 0.05). 

Of the samples that tested positive for long-acting opioids (buprenorphine or methadone) 

14.1% also tested positive for fentanyl, 9.9% for morphine, and 8.5% had both fentanyl 

and methamphetamine. At least 3-5% of samples positive for short acting opioids were also 

positive for combinations of 2 or more non-nicotine substances. Among long-acting opioid 

samples tested, 39% were positive for nicotine plus another substance. Among mothers 

testing positive for long-acting opioids, methadone positive mothers were significantly more 

likely to test positive for a short acting opioid (36.4%; 8/14) in comparison to mothers 

testing positive for buprenorphine (14.3%; 7/42) (X2 = 4.44, 1; OR, 3.43; 95% CI 1.14 – 

10.98; p > 0.05) (Figure 1D).

DISCUSSION

In this 2019 multicenter cross-sectional study in southwest Ohio, we found that 38% 

of pregnant women tested positive for at least one substance at the time of delivery. 

Many substances were detected with higher prevalence than previously reported in recent 

literature, and polysubstance use was pervasive. Nicotine was the most common exposure, 

and nearly half of the cotinine positive samples also tested positive for another substance. 

Mothers who tested positive for an opioid frequently tested positive for additional substances 

known to exacerbate NOWS 11,12.

The 8-11% THC exposure rate was higher than the 5.2% found by testing a smaller cohort in 

the same region via mass spectrometry in 2014-2015 19. This is also greater than the recent 

national self-reported rates of 5-7% during pregnancy and 2-4% in the third trimester 31-33. 

Increased use of cannabis during pregnancy may reflect that 70% of pregnant women view 

it as safe for use 33. This may also be specific to our region since having small quantities 

of cannabis has long been decriminalized in Ohio, with recent removal of penalties in the 

county of this study. Despite this safe perception and decriminalization, cannabis use during 

pregnancy is associated with an increased risk of neonatal complications and long-term 

cognitive or psychological problems, particularly with exposure to additional substances 
2,5,6,34-36.

The opioid exposure rate of 6.6 – 7.2% found in our study was nearly double the 3.7% 

estimate based on billing records in the same region from 2014 – 2016 37,38. Mothers who 

tested positive for an opioid had prevalent polysubstance exposures with substances that may 

increase neonatal complications and NOWS severity, such as nicotine and benzodiazepines 
1,2,16,17,3-6,11,13-15. Notably, women positive for benzodiazepines had 22 times increased 

odds of testing positive for an opioid, a combination that is strongly associated with 

increased NOWS severity 11.

The 3.8% prevalence of cocaine was higher than previously estimated 1.3-3.1% 39 and 

methamphetamine prevalence of 1.9% was much greater than 0.1% previously reported 
19,40. However, methamphetamine prevalence was within the range of 0.7 – 4.8% of 

endemic areas 41,42. These increased exposure rates likely demonstrate underestimation by 

billing data or self-report, as well as a true increase in maternal substance use since exposure 

has been on the rise 43.
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We found a higher prevalence of maternal polysubstance exposure than previously reported 
43, which was especially high in cotinine positive samples. Nicotine and THC exposure 

(88% of THC-positive samples) was almost twice as high as previously reported, 6 and 

nearly all methadone or buprenorphine positive samples also contained cotinine (93%), 

consistent with the high prevalence of nicotine use disorder in the maternal population on 

MOUD 44,45.

In the samples containing methadone or buprenorphine, nearly 40% tested positive for a 

third substance in addition to nicotine. While we were not able to verify that the women 

positive for buprenorphine or methadone were receiving these medications as part of a 

MOUD program versus illicit use, the 10-14% positive rate for short acting opioids is 

consistent with the 9-15% positive rate previously found for women in a MOUD program46. 

Methadone was associated with a 3.4 times greater odds of testing positive for a short acting 

opioid compared to buprenorphine, which may be an important consideration for MOUD 

choice and requires further study.

Women with substance use disorders are less likely to receive prenatal care and are 

often distrustful of providers, especially regarding guidance for substance use 21,22,47. 

Furthermore, their infants are more likely to be admitted to the neonatal intensive care unit 
48. Therefore, an unbiased and non-punitive patient-focused testing at the time of delivery 

could be an important opportunity to detect high risk infants, along with identifying women 

with substance use disorders and providing referrals for treatment. This is timely because 

maternal overdose is now a leading cause of maternal mortality, and having an unrecognized 

substance use disorder and polysubstance use are risk factors for maternal overdose 23,24. 

Confirmatory tests for polysubstance use at the time of delivery even after self-report of 

a single substance may enhance the effectiveness of evidence-based treatment programs 

to help prevent postpartum overdose and aide in caring for the exposed infant. Maternal 

overdose is detrimental for child mental health, as it is associated with an increase in 

childhood mental health service use 49. Nicotine use was strongly associated with additional 

substance use, but use of other substances was still observed in mothers who tested negative 

for nicotine. Overall, the very high rate of cotinine detection at delivery is alarming and 

more education about the risk of nicotine use during pregnancy is needed due to the 

tremendous public health burden of tobacco use on maternal, infant, and women’s health 

outcomes. Focus should include co-treatment of nicotine use disorder with opioid use 

disorder in the maternal population 50.

Limitations

A limitation of this study is that we did not screen for alcohol exposure so results 

underestimate the true prevalence of substance use at the time of delivery. The cross-

sectional design prevented distinguishing exposure level and time since the last use of the 

substance. Across all centers in the study, 1% of mothers opted out of urine testing, and 12% 

of mothers were not tested due to precipitous delivery or human error. Because samples were 

de-identified to protect subject privacy, we were unable control for demographic factors, do 

not have information the 1% of mothers who opted out of universal testing, do not have 

information on prescribed drug use, and do not have self-report data matched to urine testing 
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results. The site with the lowest capture rate had a three-day shortage in collection materials 

leading to less samples obtained. One site captured samples from 105% of women, due to a 

site-specific triage system with testing prior to admission that made it possible for a woman 

to be tested twice if she was not admitted on the first visit. However, these capture rate 

deviations most likely do not bias the study results as they occurred randomly. We were also 

unable to determine if any substances were prescribed, which would be a future focus for 

studying MOUD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Odds ratios depicting for A.) The 11.1 times increased odds of testing positive for another 

substance if a mother tests positive for nicotine. B.) 22.7 times increased odds of testing 

positive for an opioid if a mother tests positive for a benzodiazepine C.) 8.1 times increased 

odds of testing positive for nicotine if a mother tests positive for a long-acting opioid (LAO) 

compared to a short-acting opioid (SAO) and D.) 3.4 times increased odds of testing positive 

for a SAO if a mother tests positive for methadone compared to buprenorphine.
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Table 1:

Prevalence of individual substances among all mothers (n = 2531)

Prevalence of substances
among all mothers

Substance % n / 2531

Any substance 38.0 963

Nicotine 33.0 836

Nicotine and another substance 15.6 396

Tetrahydrocannabinol (THC) 11.3 287

Active THC 8.1 204

Opioids 7.2 182

Short acting opioids 5.0 126

Long acting opioids 2.8 71

Cocaine 3.8 95

Methamphetamine 1.9 48

Amphetamine 0.4 10

Barbiturates 1.3 33

Benzodiazepines 0.6 16

Phencyclidine (PCP) 0 0
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Table 2:

The range and mean/median exposures for the most prevalent substances (n = 21 – 836)

Exposure levels

Substance n
Geomean

or median*
(ng/mL)

95% CI Range (ng/mL)

Cotinine 836 144.4 124.6 – 167.3 4.0 – 4157.0

THCCOOH 286 59.3 49.4 – 73.7 3.3 – 2547.9

THCOH 152 96.5 * 79.4 – 121.0 20.2 – 3601.6

Benzoylecgonine 95 7.5 * 6.2 – 10.8 2.0 – 2971.4

Methamphetamine 48 59.3 32.7 – 107.7 4.2 – 1904.6

Morphine 50 218.6 121.3 – 393.9 8.90 – 9222.6

Fentanyl 42 20.4 10.3 – 40.4 0.8 – 846

Norfentanyl 56 118.4 58.6 – 239.4 4.3 – 9265.1

Methadone 22 357.7 * 307.2 – 420.7 3.8 – 491.1

EDDP 21 1078.6 * 706.1 – 1565.1 48.7 – 4799.6

Buprenorphine 46 121.5 79.8 – 185.1 6.1 – 1419.9

Norbuprenorphine 49 607.1 * 340.7 – 879.6 17.1 – 5105.9
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Table 3:

Prevalence of polysubstance exposure among mothers testing positive for cotinine (n = 836) and THC (n = 

287)

Polysubstance exposure within nicotine and THC

Primary substance (n) Additional substances (n) % Primary

Nicotine (836) THC (254) 30.4

Nicotine (836) Cocaine (79) 9.4

Nicotine (836) Opioids (130) 15.6

Nicotine (836) Methamphetamine (47) 5.6

THC (287) Nicotine (254) 88.5

THC (287) Cocaine (34) 11.8

THC (287) Opioids (29) 10.1

THC (287) Methamphetamine (19) 6.6
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Table 4:

Prevalence of polysubstance exposure among mothers testing positive for short acting (SAO, n = 126) and 

long acting (LAO, n = 71) opioids

Polysubstance exposure within opioid subtypes

Primary substance (n) Additional substances (n) % Primary

SAO (126) Nicotine (78) 61.9

SAO (126) Nicotine and another substance (49) 38.9

SAO (126) THC (21) 16.7

SAO (126) Cocaine (25) 19.8

SAO (126) Methamphetamine (22) 17.5

SAO (126) Methamphetamine and cocaine (16) 12.7

SAO (126) Benzodiazepines (8) 6.3

SAO (126) Methamphetamine and THC (6) 4.8

SAO (126) THC and cocaine (5) 4.0

SAO (126) THC, cocaine, and methamphetamine (4) 3.2

SAO (126) Methamphetamine and benzodiazepines (2) 1.6

LAO (71) Nicotine (66) 93.0

LAO (71) Nicotine and another substance (28) 39.4

LAO (71) Fentanyl (10) 14.1

LAO (71) Methamphetamine (10) 14.1

LAO (71) Cocaine (9) 12.7

LAO (71) THC (9) 12.7

LAO (71) Morphine (7) 9.9

LAO (71) Fentanyl and methamphetamine (6) 8.5

LAO (71) Hydromorphone (3) 4.2

LAO (71) Benzodiazepines (3) 4.2

LAO (71) Naloxone (3) 4.2

LAO (71) Oxycodone (3) 4.2

LAO (71) Tramadol (2) 2.8
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